Market concentration in the Korean banking industry has markedly increased since the financial crisis of 1997-1998 because of M&As, P&As, and consolidation of banks. With this change, there has been a growing concern over market power in the Korean banking sector. We examine the effects of market concentration on bank efficiency and competition for the period of 1992-2006. Three different indicators of bank inefficiency are used in this study, including Xinefficiency that is derived from the directional technology distance function. This method treats nonperforming loans as an undesirable by-product inevitably arising from the production of loans. The level of competition is measured by both the H-statistic of the Panzar-Rosse model and the level of the net interest margin and its standard deviation.
Introduction
During the last two decades a fundamental change in banking market structure occurred in many countries through mergers and acquisitions (M&As), purchase of assets and assumptions of liabilities (P&As) and consolidation under financial holding companies.
Financial deregulation and financial globalization accompanied by advance in information technology triggered fierce competition among banks and necessitated M&As, P&As and consolidation in the world to reduce risk through business diversification and take advantage of scale economies. Korea is no exception. Over the last twenty years the Korean banking system went through many changes: financial deregulation, financial crisis, and restructuring. In this process, market concentration initially decreased as the number of banks increased due to financial deregulation prior to the Asian financial crisis of 1997-1998, but, after the crisis, the concentration ratio increased because of a decline in the number of banks due to bank closures and creation of mega banks through bank mergers, acquisitions and consolidation. The structural reform after the financial crisis introduced the financial holding company system and allowed mergers among larger banks, resulting in a few super-size banks. Park and Weber (2006a) estimate Korean bank inefficiency and productivity change for the period 1992 to 2002. These estimates are derived from the directional technology distance function. Their method controls for loan losses that are an undesirable by-product arising from the production of loans and allows the aggregation of individual bank inefficiency and productivity growth to the industry level. Their findings indicate that technical progress during the period was more than enough to offset efficiency declines so that the banking industry experienced productivity growth. Park (2008) examines market concentration and competition in the Korean commercial banking market for the period of 1992-2004. The H-statistic of the Panzar-Rosse model indicates that the Korean commercial banking market was monopolistically competitive during the pre-crisis period and the post-crisis period with temporary deviation to the level of perfect competition during the crisis period. However, the crisis period could not pass the equilibrium condition test. The author concludes that increased concentration has not lessened the overall level of competition in Korea. This paper is built upon Park and Weber (2006a) and Park (2008) , but extends further to examine the effects of M&As, P&As and consolidation and the subsequent increase in market concentration on efficiency and competition in the Korean banking sector, using 1992-2006 data.
While the previous two papers focus on measurement and changes in the levels of efficiency and competition of Korean banks, this paper examines what are the main determinants of the levels of efficiency and competition and how significant the effects of market concentration are in the Korean banking industry. Furthermore, updated data are used in this study: data of four more years compared to Park and Weber (2006a) and data of two more years data compared to Park (2008) . Section 2 describes the activities of M&As, P&As and consolidation occurring in the Korean banking sector and the resulting trend in market concentration during the sample period.
Section 3 introduces the directional technology distance function used to estimate efficiency and analyzes the effects of market concentration on efficiency. Section 4 discusses the method used to measure the degree of competition and then estimates the effects of market concentration on competition. In the final section we offer a summary of our work and draw conclusions.
M&As, P&As, Consolidation and Market Concentration
Market concentration can be measured in a number of ways. The most straightforward method is to calculate what share of the industry's output is sold by a few dominant firms. This top k-firm concentration ratio (CR k ) is used by the Korean government to determine the degree of anti-competition of a proposed merger. The Fair Trade Commission in Korea regards a market with CR 1 greater than 50% or CR 3 greater than 70% as a highly concentrated market.
Another formula now widely used is the Herfindahl-Hirschman index (HHI), and the US Department of Justice used this index in its antitrust policy. Table 1 presents the number of banks, HHI and CR 3 of total assets, total loans and total deposits for the period of 1992-2006. HHI is measured by the sum of the squares of each bank's market share in total industry assets, loans or deposits. Table 1 here There was a decreasing trend of market concentration in all three variables until the Asian financial crisis of 1997-1998. This trend began in 1982 as financial deregulation induced entry of new banks and caused fierce competition among the existing banks. Until the Korean government introduced a series of financial reforms in 1982, the number of national commercial banks was limited to five while ten much smaller regional banks were allowed in order to stimulate regional economic development. With financial liberalization, the number of national commercial banks increased from five to fourteen in 1992, leading to a decrease in market concentration. Just before the crisis, there was a concern of overbanking in Korea. However, closures of insolvent banks and mergers with blue-chip banks after the crisis resulted in a drastic increase in the market concentration ratio.
The change in market concentration after the crisis reflects the structural reform in the banking sector carried out by the Korean government. The Korean government began a twophase financial restructuring. In its first-phase restructuring from 1998 to 2000, three types of merger occurred. First, five insolvent banks were merged into five sound banks in the form of As a result of P&As, M&As and consolidation, the number of banks was reduced and the average asset size of banks increased. While a few mega banks were established through mergers, acquisitions and creation of financial holding companies, small regional banks remained unchanged. The Korean banking industry experienced polarization in bank size, leading to greater market concentration. Some observers are concerned that this policy may have a negative effect on competition and efficiency in the Korean banking industry. The post-crisis period is also characterized by increasing market share by foreign banks and increasing foreign ownership share of domestic banks.
In summary, the Korean banking sector prior to the crisis could be regarded as a nonconcentrated market with HHI less than 1,000 in total assets, total loans and total deposits (or with CR 3 less than 30%), according to the horizontal merger guideline of the US Department of Justice. After the crisis, particularly after the second-phase restructuring, the Korean commercial banking market became a moderately concentrated market with HHI ranging between 1,000 and 1,800 (or CR 3 as high as 61.5% in total loans). Although not reported in the table, HHI is in excess of 1800 in some specific sub-markets such as loans to households and deposits in foreign currency. HHI figures of Korea banks are higher than those of banks in other OECD countries of a similar population size. For example, HHI of Spanish banks was in the 700s and HHI of Italian banks was in the 600s according to the 2000 data of the European Central Bank. Will creation of mega banks contribute to improving efficiency and overall competitiveness of the Korean banking industry? Or will this have a negative effect on competition and efficiency. This paper discusses these issues and investigates the effects of market concentration on efficiency and competition.
Effects of Market Concentration on Efficiency
There are several methods for estimating efficiency. A frontier cost or production function is typically used to estimate efficiency (or inefficiency). A stochastic frontier approach based on parametric estimation decomposes the error term into an inefficiency component and a random component. There are two stochastic approaches: distribution-free and distributionspecific. If a distribution-free approach is to be used as in Berger (1995) , then the differences among banks are assumed to be stable over time. The distribution-free approach requires that banks be in existence for the entire sample period. It is difficult to apply this approach in the case of the Korean banking sector for the period of 1992-2006 because of frequent bank entry and exit during this period. If a distribution-specific approach is used as in Maudos (1998) , then it is necessary to know the distribution for both components of the error term. Without prior knowledge of the distribution, arbitrary assumptions about its shape are made in most studies.
As a non-parametric approach, data envelopment analysis (DEA) is frequently used.
This approach has the advantage of identifying best practices based upon observed costs rather than some hypothetical average derided from a given functional form. The DEA approach assumes that any deviation from minimum cost is due entirely to inefficiency. Park and Weber (2006a) estimated X-inefficiency from a non-parametric directional technology distance function and this method is used in this study This directional technology distance function allows efficiency to be measured for firms that face a technology where both desirable outputs and undesirable outputs are produced. This function has been used in measuring the efficiency of firms or industries that generate polluting by-products in addition to desirable outputs (Chung, Färe, and Grosskopf 1997 , Färe et al. 2005 , Yu 2004 ). For our purpose it is a useful tool for measuring the efficiency of banks that produce non-performing loans as a by-product of their loan portfolio.
Inefficiency estimates according to Park and Weber (2006a) is derived from the following directional technology distance function which seeks the maximum simultaneous expansion of desirable outputs, contraction of undesirable outputs, and contraction of inputs for the directional vector, g.
( , , ; , , ) max{ :
Suppose we take the directional vector to be ( , , ) (1,1,1)
For this directional vector, the solution to (A1) gives the maximum unit expansion in desirable output and simultaneous unit contraction in undesirable outputs and inputs that is feasible given the technology. Other directional vectors can also be chosen. A directional vector such as g=(x,0,0) gives the percentage contraction in inputs, holding outputs fixed. A direction such as g= (0,y,b) gives the simultaneous percentage expansion in desirable output and contraction in undesirable output, given inputs. A bank that produces on the frontier is efficient with ( , , ; , , ) 0
Values of ( , , ; , , ) 0
indicate inefficiency for the g-directional vector, and these values are used in this study as X-inefficiency. See Appendix 1 for more detailed discussions.
Alternatively, a simple, though rudimentary, approach is to approximate operating efficiency directly from the financial statements of each bank. We use a proxy for labor inefficiency or operating inefficiency: the operating expenses per employee. Similarly, we use a proxy for asset inefficiency: the operating expenses divided by total assets. The ratio of total loans to employees is suggested as a measure of operating inefficiency by Koch and MacDonald (2003) . However, with deregulation and universal banking practice, the financial intermediation function of banks through loans has weakened. Therefore, it would be desirable to use total assets that include securities, foreign exchanges and other investments in addition to loans.
We assume that Korean banks produce five desirable outputs and one undesirable output, using three variable inputs and one fixed input. The desirable outputs are commercial loans (y 1 ), personal loans (y 2 ), securities (y 3 ) and demand deposit (y 4 ) and fee income (y 5 ). In addition to three traditional outputs, we include fee income, following Roger (1998) and demand deposit,
following Tortosa-Ausina (2002) . This way of specifying output is also similar to that of Hao et al. (2001) in their estimation of a cost function for Korean banks. The undesirable output (b 1 ) is non-performing loans. The three variable inputs are full-time labor (x 1 ), physical capital which equals the asset value of premises and fixed assets (x 2 ), and total deposits (x 3 ). The equity capital is treated as the fixed input.
To examine the effects of market concentration on efficiency (or inefficiency) we estimate the following regression equation.
where E it = different efficiency (or inefficiency) indicators of bank i at time t, X k,it = bank specific variables of bank i at time t, such as BIS equity ratio, NPL(non performing loans) SHARE, BRANCH and a dummy variable for regional banks, Y k, it = market power variables of bank i at time t, such as the market share and HHI. Z k,t = macroeconomic variables such as economic growth rate, inflation rate and a dummy variable for the crisis period. We use three Among the bank specific variables, BIS turns out to be insignificant in influencing operating efficiency, asset efficiency or X-efficiency. NPL SHARE has definitely a positive effect on operating costs and thus inefficiency as expected. The more branches, the higher operating cost per worker or asset. Being a regional bank does not affect X-inefficiency or asset inefficiency, but it has a significant negative effect on labor inefficiency. Regional banks are less prestigious and less competitive compared to national banks, and they tend to spend less on employee compensations and other overhead costs. However, lower labor cost does not necessarily imply higher labor productivity or higher profitability. Park and Weber (2006b) show that a dummy variable representing national banks has a positive and significant coefficient in explaining Koran bank profitability.
Among the macroeconomic variables, a dummy variable representing the crisis period stands out. In all nine different models, CRISIS has a positive significant effect on bank inefficiency. Both the GDP growth rate and the inflation rate show expected coefficient signs, a negative effect of the GDP growth rate on inefficiency and a positive effect of the inflation on inefficiency. However, significance of the coefficients varies among different model specifications. The explanatory power (Adjusted R 2 ) of Models 1-6 is very high and that of Models 7-9 is acceptable. In summary, empirical results indicate that market concentration has not improved bank efficiency through taking advantage of scale economies or scope economies.
Instead, recent mergers, acquisitions and consolidation of banks led to greater inefficiency in terms of X-inefficiency, labor inefficiency and asset inefficiency.
Effects of Market Concentration on Competition
In this section we examine the effects of market concentration on the level of competition among banks. Following Panzar and Rosse (1987) , the degree of competition can be measured as the H-statistic which is the sum of the elasticities of the revenue with respect to input prices.
where w i is i th input price. Panzar and Rosse (1987) show from the profit maximization condition that the H-statistic is equal to unity (H =1) in a perfectly competitive market, and less than or equal to zero (H ≤ 0) under monopoly. Although the Panzar-Rosse article also shows that 0<H<1 could be consistent with oligopolistic behavior, it is common to regard 0<H<1 as the condition of Chamberlinian monopolistic competition. The H-statistic can be derived from the following reduced-form revenue equation.
ln(R it ) = α + β 1 ln(w 1,it ) + β 2 ln(w 2,it ) + β 3 ln(w 3,it ) + γ k Σ z k + ε it
where R it is bank i's revenue at time t, w 1 is the input price of labor, w 2 is the input price of capital, w 3 is the input price of funds, and z k is a vector of control variables affecting the bank's revenue function.
The H-statistic is the sum of β 1, β 2 and β 3. w 1,it (The unit labor cost) is measured by the ratio of personnel expenses to the number of employees, w 2,it (the unit capital cost) is measured by the ratio of depreciation allowance and other maintenance costs to total fixed assets, and w 3,it intermediation or diversification. Traditionally R it (revenue) is typically measured by interest revenue or its ratio to total assets, presuming that the main function of banks is financial intermediation. However, with weakening of financial intermediation in recent years and diversification of bank assets, total revenue or its ratio to total assets is used in some studies. In this study we use both interest revenue (IR) in log and total revenue (TR) in log.
Park (2008) also examine what are the major determinants of the degree of competition. Even though the fixed effects model is usually regarded as more appropriate than random effects model when population data instead of sample data are used as in our study, we use both fixed and random effects models for comparison purpose.
The estimation results of the tests of competitive condition (the H-statistic) are given in indication that inclusion of a scale explanatory variable causes overestimation of the level of competition. w 1,it and w 3,it are positive and statistically significant, indicating that an increase in unit costs of labor or funds leads to higher revenue. w 2,it is not statistically significant.
However, when the scale variable, ASSET, is excluded, the unit capital cost exerts significant positive effect on revenue. All control variables have expected signs. 1992-1994, 1993-1995, 1994-1996 and so on. The estimation results of the H values that are reported in Table 5 along with HHI indicate that market concentration did not affect the competition level in the Korean banking industry. The correlation coefficient between HHI and the H statistic for lnIR is -0.002 while correlation coefficient between HHI and the H statistic for lnTR is -0.196, which indicates no or very low correlation between market concentration and competition. Table 5 here For only the two periods, 1996-1998 and1997-1999, the hypothesis of perfectly competitive market structure (H=1) cannot be rejected at the 1% level. It can be inferred from the empirical results that the Korean commercial banking market was monopolistically competitive during the pre-crisis period and the post-crisis period, while its level of competition increased to the level of perfect competition during the crisis period, which might be due to breakdown of old connections among banks, making collusion more difficult. However, these two periods could not pass the equilibrium condition test.
As an alternative way of examining the degree of competition, we now turn to the interest margin. The average interest margin tends to increase when the market power in the banking industry increases. With polarization of bank size, the standard deviation of the net interest margin may also increase, resulting in higher margins for dominant banks and lower margins for less dominant banks. The data show that the average net interest margin for all banks declined during the crisis period, particularly in 1998, but returned to the pre-crisis level of about 2% in 2003 and then a little higher since then as shown in Figure 1 . The standard deviation declined mildly over the period even though there were jittery fluctuations during the crisis period (from 0.766 in 1992 to 0.496 in 2006). A similar trend in both variables is found for both regional and national banks. However, a steady increase in both the interest margin and its standard deviation in the last two years may suggest that the effect of increased market power through M&As and consolidation on the interest spread might have begun to be realized as some have expressed their concerns over increased market power.
Figure 1 here
To further examine the effect of increased market concentration on the average net interest margin, we estimate the following regression equation.
where M it = the average net interest margin of bank i at time t, X k,it = bank specific variables of bank i at time t, such as BIS equity ratio, NPL(non performing loans) SHARE, BRANCH, and a dummy variable for regional banks, Y k, it = market power variables of bank i at time t, such as the market share and HHI. Z k,t = macroeconomic variables such as economic growth rate, inflation rate and a dummy variable for the crisis period. Table 6 here Table 6 shows the estimation results of equation (B3). As explained earlier, we report the fixed effects model only because the fixed effects model is usually regarded as more appropriate than random effects model when population data instead of sample data are used as in our study.
Market share or market concentration is measured for three different types of assets or liabilities:
total assets, total loans, and total deposits. Their estimation results are presented in Models 1-3.
Two market power variables are used: market share of each bank and HHI indicating the overall degree of market concentration. The market share, whether it is measured in total assets, total loans or total deposits, has a positive and significant effect, and so does HHI.
All bank specific variables have significant effects on the average interest margin in all three models. BIS has a significant positive effect and is consistent with the signaling theory, which suggests that a higher equity ratio increases confidence among bank customers, leading to higher interest spread. NPL SHARE has a significant negative effect as expected. Loans are the major income-earning asset of banks and higher percentage of non-performing loans negatively affect the interest spread. BRANCH shows a positive and significant influence on interest spread through bank network effect.
A dummy variable differentiating regional banks (Regional banks =1) from national banks is positive and significant. The average interest margin for regional banks is usually higher than that for national banks because interest rates for SMEs typically serviced by regional banks include larger costs and risk premiums than interest rates for corporate loans typically serviced by national banks. This is evident in Figure 1 . On the other hand, all macroeconomic variables have no significant effects on the average interest margin. CRISIS that has a significant effect on bank inefficiency is not significant in explaining the interest spread. The explanatory power of Models 1-3 (Adjusted R 2 ) is very high. It can be inferred from the empirical results that the bank mergers that have taken place so far have increased market concentration and that the increase in individual bank's market share and overall increase in market concentration is positively correlated with increased average interest margin.
Conclusions
While market concentration in the Korean banking industry decreased during the precrisis period due to financial deregulation, it has markedly increased since the crisis of 1997-1998 because of M&As, P&As of banks and consolidation of banks under financial holding company system. With this change, there has been a growing concern over market power in the Korean banking industry. In this study we examined the effects of the increase in market concentration on bank efficiency and competition.
The collusion theory suggests that mergers and consolidation might be initiated by banks in order to extract consumer surplus, and the result would be higher prices to consumers and socially inefficient allocation of resources. Empirical results indicate that market concentration has not improved bank efficiency through scale economies or scope economies. Instead, recent mergers and consolidation of banks resulted in an increase in inefficiency regardless of different indicators of inefficiency used: X-inefficiency, labor inefficiency or asset inefficiency. While an increase in market share of individual banks improved bank efficiency, the overall market concentration ratio measured by HHI resulted in lower efficiency. These findings come with comforting news that the relationship between market concentration and inefficiency is not completely linear, but of an inverse U-shaped curve.
The bank mergers and consolidation that have taken place so far have not realized scale economies by rationalizing their operations or scope economies by rationalizing their business activities. Market concentration has not contributed to efficiency through these scale and scope effects. Our study also finds that the Korean banking industry has been monopolistically competitive except for the crisis period. Although an increase in market concentration has not changed the overall level of competition measured by the H-statistic, market concentration has raised the average interest margin. Therefore, a growing concern over market power in the Korean banking industry is worth to note.
The findings in this study are tenuous, given the following constraints. First, the Korean banking industry experienced a sudden change from a non-concentrated market to a moderately concentrated market in a very short time period and it is still in a transitory period. Second, most mergers and consolidation, especially the big ones, occurred towards the end of the sample period, and we may need data of a few more additional years to analyze the full effects of these mergers and consolidation on efficiency and competition. Third, the inverse U-shaped curve relationship between market concentration and inefficiency deserves further investigation. 
The best-practice technology is constructed from observations on all K banks in the current period, j, and each of the preceding periods, t<j, and is such that no less input can be used to 
The three technology sets are depicted in Figure 1 . Each set is bounded. For the set V(b), the horizontal extension to the east indicates that there is an upper bound on the amount of desirable output, y, that can be produced from input, x, given undesirable output b. For the output set P(x), finite amounts of input can only yield finite amounts of desirable and undesirable outputs. For the set L(y), there is a lower bound on the amount of undesirable output produced and input used given an amount of desirable output. We also note that the pseudo-isoquant for V(y) can be backward bending because the undesirable output satisfies only weak disposability.
Given the technology represented by the sets in Figure 1 , suppose we observe a bank, represented by point A. Clearly bank A produces off the frontier of the technology set and is inefficient. That is, bank A should be able to use less input and produce more desirable output and less undesirable output given the technology. To measure inefficiency we use the directional technology distance function proposed by Chambers, Chung, and Färe (1996) as a generalization of the Luenberger (1992) benefit function. Let ( , , ) 
Suppose we take the directional vector to be ( , , ) (1,1,1) 
